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ABSTRACT OF THESIS

WOLF PACK DYNAMICS AND MOVEMENTS IN RESPONSE TO HARVEST
ON THE KENAI NATIONAL WILDLIFE REFUGE, ALASKA, 1882-1993
AND

ACCURACY OF AERIAL TELEMETRY

One hundred and seven wolves (Canis lupus) were captured, radio-
collared, and located 1,775 times from aircraft to determine the relationship
between harvest and wolf pack size, territory size, density, and dispersal on the
Kenai National Wildlife Refuge. Annual harvest averaged 61% from 1982/83
through 1985/86, and declined to 14% from 1986/87 through 1992/93. Territory
sizes were not correlated with pack sizes (r=0.22, 48 df, P=0.132) or annual
harvest rates (r = -0.23, 48 df, P = 0.110). Wolf dispersal from packs increased
when harvest was low (x* = 11.73, 1 df, P = 0.001), with a greater proportion per
year of juveniles dispersing (x* = 8.07, 2 df, P = 0.018) than adults or pups.
Early winter wolf density averaged 13.4 wolves/1,000 km?, and ranged from 17.0
in 1983/84 to 9.4 in 1985/86. Pack sizes and annual wolf densities were not
correlated (r = 0.09, 50 df, P =0.520; r= 0.06, 10 df, P = 0.864, respectively)
with level of harvest, thus other factors such as low pup recruitment and a
declining moose population may have limited population growth during periods

of reduced harvest.
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| compared the accuracy of aerial telemetry locations obtained with a
Global Positioning Satellite (GPS) unit and the same locations independently
hand-plotted on a map by locating 12 radiocollars (6 visible from aircraft) in 3
habitats on 6 occasions on the Kenai National Wildlife Refuge during 1893-
1994. Accuracy of the GPS (x = 139.1 m, SE = 9.65) and map-plotted
(x = 168.4 m, SE = 21.9) locations was not found different (F = 2.39; 1, 36 df;
P =0.131). Accuracy was not found to differ by habitat type (F = 1.01; 2, 36 df;
P = 0.373), or by visibility of the collar (F = 2.91; 1, 36 df, P=0.097). Accuracy
of the GPS method improved with successive trials (contrast F = 20.57; 1, 5 df;
P =0.0001). | examined aircraft heading and GPS error (x = 81.4 m, SE = 7.63)
by locating S ground reference points 1-4 times each for a total of 17 locations
from the air, and determined that the pilot activated the GPS unit 1-2 seconds
before passing over the point which contributed to error. Test flights should be
conducted before data collection to determine the optimal time to activate the
GPS unit to minimize error. | recommend the GPS system over map plotting of
aerial telemetry locations because of ease of use, and ability to download data

directly to a computer for analysis.

Elizabeth Anna Jozwiak
Department of Fishery and
Wildlife Biology

Colorado State University
Fort Collins, CO 80523
Fall 1997
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Chapter 1

WOLF PACK DYNAMICS AND MOVEMENTS IN RESPONSE TO HARVEST
ON THE KENAI NATIONAL WILDLIFE REFUGE, ALASKA,

1982-1993

Key words: Canis lupus, density, dispersal, home range, Kenai peninsula,

management, population dynamics, radio telemetry, territoriality.

INTRODUCTION

Wolf management varies widely across North America. Wolves that
naturally recolonized portions of northermn Minnesota, Wisconsin, Michigan, and
Montana are protected, but wolves reintroduced to central Idaho and
Yellowstone National Park are managed as an experimental population (Fritis et
al. 18584, Bangs and Fritts 1996). In Alaska, wolves are managed as a game
animal, and in some areas their numbers are reduced to increase ungulate
densities for human harvest (Stephenson 1978, Van Ballenberghe 1981,
Theberge and Gauthier 1985, Boertje et al. 1998). The wolf is also important for
its non-consumptive value to visitors of Alaska's national parks, refugss, and
wilderness areas (Alaska Division of Tourism 1883). To effectively manage

wolves under these multiple scenarios, wildlife managers need a comprehensive



understanding of the factors that regulate wolf populations and the impacts of
human caused mortality.

Wolves were numerous on the Kenai Peninsula before 1830, but were
eliminated by humans by 1909 (Palmer 1838). The use of poison, unregulated
hunting and trapping, and predator control programs during the 1940's and
1950's probably prevented wolves from becoming r&est_ablished (Peterson and
Woolington 1982). Hunting and trapping of wolves was closed in 1961 to allow
them to recolonize. By the late 1960's, large packs were observed. Hunting and
trapping for wolves was authorized in 1974, and has continued to present

Peterson et al. (1984) reported human harvest to be the primary regulator
of wolf density on the Kenai peninsulza between 1976-1981. Annual harvests
>40% reduced wolf densities, pack sizes, and size of pack territories. Wolf
harvest on the Kenai peninsula declined after 1986 due to the combined effects
of severe winter weather, new trapping regulations, pelt damage caused by the
biting dog louse (Trichodectes canis) (Schwartz et al. 1983), and declining fur
values. Keith (1983) suggested that wolf populations declined when harvests
exceeded 38% of fall densities. Wolf populations also declined when the
combined effects of harvest and wolf control removed 38-61% of the early winter
wolf population in interior Alaska (Gasaway et al. 1983, 1992, Boertje et al.
1996), and >40% of the autumn population in Southcentral Alaska (Ballard et al.

1887). Potvin et al. (1992) reported wolf densities returned to their former level



after a 40-71% reduction, primarily through immigration by the subsequent
winter in Quebec.

Low availability of prey, habitat saturation, low social status, and intra-
pack strife have been reported to encourage wolf dispersal (Fritts and Mech
1881, Van Ballenberge 1983, Peterson et al. 1984, Messier 1985a, Mech 1987,
Fuller 1983, Gese and Mech 1291) however, few studies examined harvested
populations. Ballard et al. (1987) hypothesized that dispersers were important in
potentially minimizing inbreeding in exploited populations because exploited
packs had a less rigid social system, and were more likely to accept dispersers.

| conducted this study because few longterm investigations have
addressed the impacts of annual harvest on wolves. My objectives were to
determine the relationships between wolf harvest and wolf densities, rates of
dispersal, and termritory sizes on the northwestern Kenai peninsuia between
1882-1953. | also determined if dispersal rates of wolves were correlated with
wolf densities and pack sizes.

STUDY AREA

The Kenai Peninsula (26,000 km?) is located in southcentral Alaska
approximately 40 km south of Anchorage (Lat. 60° N, Long. 150° W). Itis
connected to mainland Alaska by 2 16 km wide section of land and ice. The
study area is located in the northemn portion of the Kenai National Wildlife

Refuge (KNWR), and primarily encompasses 3,416 km? of Kenai lowlands in

Game Management Subunit (GMS) 15A (Fig. 1).



Forested areas comprise approximately 50% of the study area, and are in
various successional stages due to wildfires in 1847 and 1969. Moose (Alces
alces) densities remained relatively stable in the residential and developed
areas (585 km?) (KNWR, unpublished data) and in the 1969 burn (475 km?) from
1982 to 1990 because of the availability of early seral vegetation, but have
declined in mature forest (1,106 km?) and 1947 burn (1,250 km?) habitats
(Loranger et al. 1991).

Forest vegetation includes white spruce (Picea glauca), black spruce
(Picea manana), white birch (Betula papyrifera), aspen (Populus tremuloides),
and willow (Salix spp). A detailed description of the vegetation is provided by
Schwariz and Franzmann (1991).

METHODS

Wolves were captured in spring and summer with Newhouse 4, 14, and
114 double longspring, or offset-jawed Alpine 7 leghold traps. Traps were
checked each morning. Trapped wolves were immobilized with phencyclidine
hydrochioride (Semylan, Parke-Davis Company, Saint Joseph, Missouri),
ketamine hydrochloride (Ketaset, Fort Dodge Laboratories, Fort Dodge, lowa), or
tiletamine hydrochloride and zolazepam hydrochloride (Telezol, A H. Robins
Company, Richmond, Virginia). Wolves also were captured by darting from 2
helicopter in winter or early spring. Captured wolves were weighed, measured,

ear-tagged, and fitted with 164-166 MHz radiocollars (Telonics, Mesa, Arizona).



Wolves were classified as pups (<1 year old), juveniles (1-2 years old), or adults
(=2 years old), based upon tooth eruption and wear, weight, and body size.

We attempted to capture and collar at least 1 wolf annually from all packs
residing in the study area. Each collared wolf was located 1-4 times each month
from a fixed-wing aircraft (PA-18 Supercub or Cessna 206) with strut mounted
antennae (Gilmer et al. 1981). Locations from 1 December 1982 to 10 June
1952 were piotted on 1:63,360 topographic maps, and converted to Universal
Transverse Mercator System (UTM) coordinates in the North American Datum '
(NAD) 27. An aircraft Global Positioning Satellite receiver (Trimble, Sunnyvale,
California) was used to record locations of collared wolves from 10 June 1932 to
30 June 1953 which were converted to the NAD 27 projection using ARC/INFO
Software (ESRI, Redlands, California). Telemetry locations <24 hours apart
were eliminated from the analyses to reduce the effect of autocorrelation
(Swihart and Slade 1985). The accuracy of GPS-collected and map-plotted
telemetry locations were similar (see chapter 2).

Wolf pack territory size was estimated from 1 October through 30 April
with the minimum convex polygon method (Mohr 1547) using program MCPAAL
(Stiwe and Blohowiak 1985). This estimator was used to remain consistent with
pack territory size calculations used by Peterson et al. (1984). All locations of
pack members were combined to calculate territory size except when :2 radioed
wolves from the same pack were located together, then one location was

recorded. Winter pack locations were plotted using Simple Geographic



Language (SGL) software (Greslin 1952). Obvious movements outside the
pack’s territory, dispersal locations, and movements of lone wolves and pairs
were excluded from the winter territory size estimation. Territory sizes are
considered minimum use areas.

Areas estimated with the minimum convex polygon usually increase with
added locations (Jennrich and Turner 196S). Ballard et al. (1987) defined wolf
pack territories only when the size of areas for packs were not correlated with
the number of days monitored (=60 pack locations). Pack termritories were
included in analyses with harvest and pack parameter variables because
territories were not strongly correlated with the number of radiolocations
(r=0.18, 48 df, P=0.209).

The maximum number of wolves observed in each pack from 1 December
through 30 March was considered the minimum winter pack size. Wolves
harvested prior to the date of the highest visual count(s) and within wolf
territories, as determined from sealing records provided by the Alaska
Department of Fish and Game, were added to the observed pack sizes. A pack
was considered >3 wolves. If non-radioed packs were also present in the
census area, pack sizes were determined by following fresh wolf tracks in snow
from an aircraft until the pack was located visually. Minimum numbers of wolves
present during winter were calculated by summing the maximum observed
number of wolves in all radioed and non-radioed packs, adding wolves

harvested prior to the highest pack count(s), and adding 15% (Wolf



Management Operational Plan, 1888, U.S. Fish and Wildiife Service, Solidotna,
Alaska) to the estimate for lone wolves and pairs in the population. Density was
determined by dividing the wolf population estimate by the GMS 15A census
area (3.416 km?).

Collared wolves were considered to disperse if they moved >1/2 the
diameter of their pack's territory outside the territory boundary, and did not return
within a 12 month period. Forays were distinguished from dispersals if
individuals returned to their original pack territory within 12 months. [f radio-
contact was lost <2 weeks after a wolf had made 1 or more movements outside
its pack territory and was not observed visually, the wolf was assumed to have
dispersed beyond the study area. Wolves were also considered to have
dispersed if their radio transmitter failed while still in the original territory, but
were later reported killed >50 km outside tha- pack's territory to distinguish it from
a foray. A dispersal date was assigned as halfway between the last known
location within the territory and when the wolf was harvested, or radiocollar
retrieved. Annual dispersal rates were determined from 1 September through 31
August. The proportion of collared wolves that dispersed each year was
calculated by dividing the number of collared wolves that dispersed by the total
number of wolves wearing functional collars during the monitoring period.

Wolves were harvested by hunters from 10 August to 30 April between
1982-1983, and harvested by trappers from 10 November to 31 March between

1982-1988, and from 10 November to 28 February between 19858-1933.



Because wolves must be seaied by the Alaska Department of Fish and Game
within 10 days of harvest, the pelt sealing statistics provided seasonal totals of
the number of wolves legally harvested in the study area.

The effect of age, sex, annual harvest, pack size, and pack affiliation on
dispersal was determined with likelihood ratio tests (PROC GENMOD, SAS
Institute, 1993). The most parsimonious model was chosen using Akaike's
Information Criterion (AIC) (Akaike 1873, Bumham and Anderson 1992). Sex
ratios and age structure of captured wolves were compared with likelihood-ratio
Chi-squared statistics. Correlations (PROC CORR, SAS Institute, 1993) were
used to determine the relationships between pack size and territory size, harvest
and density, and yearly harvest and territory size and pack size.

RESULTS

Seventy-eight wolves (39 M, 38 F) initially were darted from a helicopter
in winter, and 29 wolves (11 M, 18 F) initially were trapped in summer between
1882-1933 (Appendix 1). Of these, 73 (32 M, 42 F) were captured once, 26 (14
M, 12 F) were captured twice, 6 (3 M, 3 F) were captured 3 times, and 2 (1 M, 1
F) were captured 4 times. Annual relocations in winter averaged 8.1/wolf (range
= 3-30), and 21.0/pack (range = 4-65) from 1 October 1982 through 30 April
1983. Sex ratios and the ratio of adults to juveniles and pups captured did not

differ among years (x* = 8.88, 10 df, P = 0.544; ¥* = 14.66, 10 df, P=0.145,

respectively).



Radio contact was maintained with 4 to 6 packs each year. Average
annual pack sizes ranged from 5.6 to 10.5 wolves, and individual packs ranged
from 3 to 16 wolves (Table 1, Appendix 2). The minimum wolf population
estimate in GMU 15A ranged from 32 to 58.

Average yearly pack territory sizes ranged from 239.0 to 851.4 km® (Fig.
2), and did not correlate with observed pack sizes (Table 2). The relationship of
territory size to the previous year's pack size was significant only for the Bear
Lake Pack (Table 2). Territory boundaries overlapped with other adjacent
packs, did not remain consistent from year to year (Appendix 8), and boundary
overlaps were most evident in years that harvest was low and dispersal was high
(Appendix 8). Several pack members were located with members of other
packs, or in other pack territories during extraterritorial movements before
returning to their original packs. From 1882/83-1992/93, one of the largest pack
territories (Point Possession) was located in the northern portion of the
peninsula where mature forest is the major habitat and winter moose densities
were low (1982-1990: <0.1-1.1 moose/km’, KNWR, unpublished data).
Concurrently, 2 adjacent packs with smaller temritories resided either within the
1968 burn (Elephant Lake pack) or the 1847 burn (Bear Lake pack) habitat
where moose densities were higher (1982-1990: 2.7-6.0 moose/km?, 0.1-1.6
moose/km?, respectively, KNWR, unpublished data). During the late 1970's, the
Swanson River pack occupied most of the 1969 burn habitat (Peterson et al.

1984). After moose densities increased in the early 1980's (Loranger et al.



1991), the area was occupied by 3 packs including the Swanson River Pack
which occupied only one third of its original range.

An average of 61% of the wolf population was harvested annually
between 1982/83-1985/86, but harvest levels declined to an average of 14%
from 1986/87 to 1992/93 (Table 1). Wolf density was similar during years of
high harvest (1982/83-85/86; 13.5 wolves/1,000 km?) and years of low harvest
(1986/87-92/93; 13.4 wolves/1,000 km?), and was not found related to harvest
rates (r=0.06, 10 df, P=0.864). Territory size and pack size were not
correlated with harvest (r=-0.23, 48 df, P =0.110; r=0.09, 50 df, P = 0.520,
respectively) (Table 3). Pack size averaged 8.5 and 8.2 wolves in high and low
harvest years, respectively.

Dispersal was not found related to sex pack size, or pack affiliation, but
was related to age and annual harvest (AIC = 134.9) (Fig. 3). A greater
percentage of collared wolves dispersed when the annual wolf harvest was low
(25.0%) than when harvest was high (9.3%) (¥ = 11.73, 1 df, P=0.001), and
more juveniles (38%) than adults (23%) or pups (3%) dispersed each year
(x* = 8.07, 2 df, P=0.018). Five of 30 dispersing wolves (3 M, 2 F) joined
adjacent packs, 11 (6 M, 5 F) joined a collared disperser from another pack and
established territories on the Kenai peninsula, 2 (1 M, 1 F) were killed by other
wolves, 4 (3 M 1 F) dispersed to the mainland, 4 (1 M, 3 F) were harvested, 1 (1
M) was killed illegally, and the status of 3 (3 M) was undetermined (Appendix 7).

Wolves dispersed most frequently in January and February (6 each month), 4

10



dispersed in April, 2 each in March and June, and 1 each in May, November,
and December. Wolves either made several temporary excursions from the
pack territory, roamed its periphery, and reunited several times with pack
members before eventually dispersing; or wolves moved from the original pack
into a neighboring territory with no detected forays. Fifteen of 30 wolves (10 M,
5 F) dispersed from the GMS 15A study area.
DISCUSSION

A declining wolf harvest on the KNWR did not result in an overall increase
in wolves. In contrast, Fritts and Mech (1981), Gasaway et al. (1583), and
Ballard et al. (1987) reported that wolf density increased quickly when wolves
were no longer hunted or controlled. The higher frequency of wolves dispersing
from packs was associated with lower harvest but likely did not reduce density
because only 4 of 30 (13%) dispersing wolves left the Kenai Peninsula during
the entire study. Rates of dispersal from packs on the KNWR did not increase
until 4 years after harvest declined, when 11 of 21 (52%) wolves left the GMS
15A study area between 1 September 1990 and 31 August 1993. While
movement to and from the mainland is probably low, wolves from other areas of
the Kenai peninsula may have immigrated to GMS 15A |, therefore net dispersal
could not be determined. In addition to high dispersal rates, shifts in pack
territory boundaries and overlaps with other packs were evident during years of
lower harvests. This behavior has been documented elsewhere in Alaska (Van

Ballenberge 1983, Meier et al. 1995).
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Declining moose densities in the 1947 burn habitat may have affected
wolf population growth and dispersal. Messier (1985b), Ballard et al. (1987),
and Peterson and Page (1988) documented higher rates of dispersal in areas of
declining prey density. Prey vulnerability in recent years may also have
declined. The age structure of Kenai moose has changed since the 1870's from
primarily 12-18 year old moose (Peterson et al. 1984) to younger adults (KNWR,
unpublished data) which are less vulnerable to wolves (Peterson et al. 1984).

| hypothesized that lower harvests would increase pack size and the size
of terrifories. However, harvest levels were not found to affect pack size and
territory size in this study. Peterson et al. (1984) reporied that increased
harvests resulted in smaller packs and territories, and in establishment of new
packs in vacant areas. During 1976-1981, wolves were recent recolonizers, and
were expanding into vacant territories when moose densities were high in the
1547 burn habitat, and the availability of food was not limiting wolf numbers
(Peterson et al. 1984). The lack of increase in wolf pack size may have been
related to a decline in moose density. It is also likely that | was unable to detect
a relationship between pack size and termritory size because fewer relocations
were used to estimate territory size of wolf packs in this study (1,775 vs. 3,600
telemetry locations from Peterson et al. 1984), and territory size may have been
underestimated.

Litter sizes and pup recruitment were not observed, and may have

contributed to reduced pack size. Mech and Goyal (1985) reported that the
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prevalence of the canine parvovirus antibody was related to decreased wolf pup
recruitment and winter wolf population declines when canine parvovirus antibody
prevalence was found in >76% of wolves tested. Canine parvovirus is fatal to
dog pups (Eugster and Nairm 1577) and captive wolf pups (Mech and Fritts
1987), and may also have caused wolf pup mortalities in Glacier National Park
(Johnson et al. 1994). Bailey et al. (1995) reported that the canine parvovirus
antibody occurred in 17% (n = 30) of Kenai wolves >12 weeks old during 1976-
81 but increased to 64% during 1S83-88 (n = 25). Pups also comprised a lower
percentage of the wolves harvested during 1585/86-1992/S3 (15.3%) than
during 1981/82-1985/86 (45.3%) suggesting that fewer pups survived to 1 year
of age during the later years of the study. The prevalence of the canine
parvovirus antibody has been reported as contributing to recent declines in the
Isie Royale wolf population (Peterson 1996) and to the slow increase of wolves
in Wisconsin (Wydevan et al. 1995). Similarly, Ballard et al. (1997) reported that
rabies may have been a significant factor limiting wolf growth in northwest
Alaska, and suggested that dispersal increased from the effects of disease
because the pack social structure was disrupted following mortalites.

While causal relationships cannot be inferred from observational data
(Cook and Campbell 1979), the benefit of longterm data is to identify apparent
trends and formulate research gquestions for further study. Wolves did not
respond to a declining wolf harvest by increasing density as hypothesized. From

indirect evidence, | suggest that wolf population growth during 1985/86 -1992/93
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may have been limited by lower prey availability in the 1947 bum habitat, and

reduced pup survival and recruitment. The effect of prey availability and

exposure to the canine parvovirus antibody on wolf population dynamics should
bea;q:rlorednnthal;:NWRinthemture.
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Fig. 1. The Kenai Peninsula in southcentral Alaska, and location of the Kenai

National Wildlife Refuge (KNWR) and Game Management Subunit (GMS) 15A.
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Fig. 3. Probability of dispersal by age of wolf (pup, juvenile, adult) in relation to
annual harvest in GMS 15A on the Kenai Peninsula, Alaska, during 1882/83-

1982/33.
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Table 2. Cormrelations between temitory size and pack size and previous year's
pack size in GMS15A on the Kenai National Wildiife Refuge, Alaska during

1982/83-1992/93.
Terrtory and previous year's
Terri and ck size pack size
Pack r df P r . df P

Point Possession  0.15 8 0.702 0.10 T 0.812
Elephant Lake 0.41 8 0271 0.51 7 0.196
Skilak Lake 0.20 9 0.572 0.31 -] 0.410
Swanson River 0.68 6 0.095 0.83 4 0.084
Bear Lake 054 9 0.106 078 8 0.012
All packs 0.22 48 0.132 027 42 0.077
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Table 3. Cormelations between harvest and temitory size and pack size of wolves in
GMS 15A on the Kenai National Wildiife Refuge, Alaska duning 1982/83-1982/93.

Harvest and territory rvest and pack size
Pack r df ! r df P

Point Possession  -0.40 8 0.285 024 - 10 0.471
Elephant Lake £.43 g 0.247 -0.40 8 0.256
Skilak Lake 054 9 0.108 0.05 ’ 0.885
Swanson River 0086 6 0.894 005 1 0.900
Bear Lake -0.25 g 0.489 -0.06 10 0.867
All packs -0.23 48 0.110 0.09 50 0.520
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Appendix 1. Wolves trapped in summer and darted in winter on the Kenai

National Wildlife Refuge, Alaska from 1582/83 - 1952/83.

Previously

Year captured® Trapped Darted
1982-83 4(2F,.2M) O(F,0M) 33(15F, 18 M)
1983-84 14(9F, S5 M) 2(1F,1M) 11(4F, 7M)
1884-85 12(9F,3 M) 3(1F.2Mm) 3(1F,.2M)
1985-86 6(4F 2M) 2(2F,0M) 4(4F, 0M)
1986-87 4(1F, 3 M) 5(3F.2M) 1(0F,1M)
1987-88 B(4F.4M) 4(1F.3M) 2(1F, 1 M)
1988-89 10(7F,3M) 1(0F,1M) 3(2F, 1 M)
1989-90 B(@4F, 4M) 4(1F,3M) 5(3F,2M)
1990-21 10 (4F,6 M) 5(1F.4M) 4(3F,1M)
1991-92 12(6F, 6 M) 3(1F.2M) 6(4F 2M)
1992-93 15(6F,9M) O(F.OM) 6(2F, 4 M)

* VWolves darted or trapped previously, and monitored that year.



Appendix 2. Observed pack size, and yearly wolf population estimate in GMS 15A on

the Kenai National Wildlife Refuge, Alaska, during 1982/83 -1992/93.

Pack® 1982-3 1983-4 19B84-5 159856 19857 196878 18859 19820 19801 1991-2 19523

BLP 6 1 & = < 3 S 6 11 12 6
SKI 13 7 16 4 -] 8 14 ] 5 T

PPP 8 14 14 6 5 8 12 11 12 9 4
SRP 5 8 B 8 8 8 3 T
ELP 8 ] 5 7 7 11 15 14 6 14
MRF 6 [
MTN 8 3

Population

Estimate® 46 58 48 32 44 42 47 47 48 49 44

* BLP = Bear Lake pack
SKl = Skilak Lake pack
PPP = Point Possession pack
SRP = Swanson River pack
ELP = Elephant Lake pack
MRF = Moose River Flats pack

MTN = Mountain pack

* Ccimate derved from number of woives in packs mulinied by 1 15 comestion factor for lone wolves and
pairs within GMS 154; Pack counts include wolves known 1o have been harvested before visual pack

counts were made.
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Appendix 3. Observed pack sizes for radioed woives in GMS 15B on the Kenai National

Wildlife Refuge, Alaska from 1982 - 1993,

Pack® 1982-3 18834 1984-5 189856 1986-7 1%87-8 1888-9 19890 1980-1 1991-2 19923

BCP 2 4
MTN 3 7
QcpP 2 4

2 a
158
KIL <
BIP 16

* BCP = Bear Creek pack
MTN = Mountain pack
QCP = Quartz Creak pack
158 = 15B pack
KIL = Kiley River pack
8IF = Big indian pack
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Appendix 4. Wolf pack winter temitory size, minimum pack size, and pack density

on the Kenai National Wildlife Refuge, Alaska from 1582/83-1992/93,

Temitory Relocations Wolves /
Pack Year size (km?) () Packsize 1,000 km?
Bear Lake 1982-83 161.0 18 6 373
1983-84 1817 32 11 605
1984-85 4313 12 6 138
1985-86 2448 30 5 20.4
1986-87 2203 15 4 182
1887-88 58 14 3 88
1988-82 226" 13 4
18988-30 1299 22 (5] 452
1890-91 266 4 36 11 413
1881-82 12632 15 12 85
18592-23 6
Skilak Lake 1882-83 2638 21 13 49.3
1983-84 278.9 25 7 251
1884-85 45 = 16
1985-86 1640 11 4 24 .4
1686-87 2078 g [ 28.9



Territory Relocations Wolves /
Pack Year size (km?) (n) Pack size 1,000 km?
1587-88 3765 22 8 212
1988-89 67456 56 14 208
1888-90 5096 11 9 177
1990-21 5138 65 5 87
1991-82 108.4 27 T 64.6
Pt Possession 1882-83 3538 18 8 144
1983-84 54856 55 14 255
1984-85 3554 1 ? 14 384
1985-86 -]
1986-87 5
1887-88 878.5 38 8 8.1
1988-89 3771 25 12 314
1988-50 3776 14 11 29.1
1980-81 22159 37 12 54
1881-82 13212 23 8 6.8
1992-93 160.7 16 4 248
Swanson River 1882-83 1309 20 5 382



Appendix 4. Continued.

Teritory Relocations Wolves /
Pack Year size (km®) (n) Pack size 1,000 km?
1983-84 3191 20 ] 219
1984-85 3796 6 ] 15.8
1985-86 568.3 11 -} 14.0
1986-87 6747 6 8
~ 1987-88 8
1981-82 2733 20 3 11.0
1992-93 167 .4 32 7 41.8
Elephant Lake 1982-83 855 15 8 836
1883-84 1161 10 g 775
1985-86 5
1985-87 1109 16 7 63.1
1987-88 2506 62 T 279
1988-89 177.2 43 11 621
1985-90 1735 19 15 854
1990-81 4098 49 14 342
1991-92 108.4 38 ] 554



Appendix 4. Continued.

Territory Relocations Wolves /
Pack Year size (km?) () Packsize 1,000 km*
1882-83 117.0 14 14 119.7
Mountain® 1986-87 5825 & 8 13.5
198788 1013 24 3 296
1991-92° »B5 4 7
Bear Creek® 1982-83 3331 10 2 6.0
198384 65.5 -
1892-83 33 10 & 12.8
Quartz Creek® 1982-83 e B 4 2
1983-84 19.3" S 4
Killey River® 1982-83 67.7 8 4 58.1
158° 1891-82 4850 1 2 4.0
1992-83 1872 7 8 481
Moose Rwr Flats 1991-82 1485 g 6 40.4
1992-83 1517 .4 29 7 46

* Excluded from density calculafions because aciual territory probably larger than data

indicate.

® Wolf packs residing in GMS 158 or GMU 7.



Appendix 5. Estimates of winiering moose density (moose/km?) in two recent bumns and

mature habitat in GMS15A on the Kenai Peninsula, AK from 1975-1995.

47 Bum €9 Bum Mature forest Overall population
Year Density B0% CI Denssty B80% Ci Density B80%CI Estimate B0% ClI
1978 1.7 1.2-22 0.4 0.1-086 2589 1859 - 3220
1982+ 13 10-16 a4 27-60 0.7 03-1.1 4352 3267 - 5437
1887 03 0.1-04 s 33-37 01 <0.1-0.3 2348 2175 - 2524
1990° 0.5 04-07 3.8 3.7-40 02 <0.1-0.4 3432 3114 - 3750
1285 0.1 <0.1-02 15 1.1-20 02 <0103 1585 1352 - 1817

*KNWR unpubiished data using quadrat survey method from Evans et al. (1966).

*KNWR unpublished data using survey technigue from Gasaway et al. (1986), with pocled varances.

37



Appendix 6. Age and sex composition, and proportion of radiocoliared

wolves that dispersed on the Kenar National Wildlife Refuge, Alaska during

1982-93.

Year® radioed® M F AdJP dispersed M F A J

1982/83 18 T Nn 111 6 2 11 20
1883584 21 7 14 4 3 14 2 1 1 1 1
1884/85 g 3 6 540 o

1885/86 -] 3 3 4 0 2 1 01 10
198887 & 4 2 51 0 1 10 0o 1
1987/88 11 6 S 9 0 2 0

1888/E9 14 TARET g2 3 1 10 0 1
1989/90 12 8 4 7 4 1 2 20 1 1
1990/ 14 0 4 2 1 1 7 53 5 1
199152 16 8 7 13 1 2 10 6 4 10 0
1962/93 18 10 8 13 4 1 4 13 1 3

*Despersal was calcutsted from 1 September to 31 August
*Radiocollared wolves monitored >3 months were included in radiced sample,

“A=adult J=juvenile, P=pup



Appendix 7. Wolf dispersal on the Kenai Nafional Wildiife Refuge, Alaska from 1982-1993.

Year Wolf Pack Date® Desposition

1582083 ME3 SRP 1753 Joined with F71, reproduced.

15820 Fn BER 1483 Joned with M52, cenned

155384 Fas BELP 2784 WWith Skatak pack on 284,

158584 MTS PPP iz Radocoliar found in Cantwell, Alaska BBE

15ESEE FBE BPP 1/88 Kbed Dy cther wolves S/BE,

1888787 M115 BLP 11/88 Radiocoiiar found in Homer, Alaska S/87.

15885 M124 PPP 1268 Harvesies ) Farmanis, Alsia 1790,

1888750 M130 BLP unkmcwn Dispersed south to 158, 3/80,

158520 M138 ELP 230 Killed by PPP woives in PPP temitory.

1859071 Fla4 BLP 2 Located in Paimer, Alaska 651,

199051 M131 ELP a5 Harvesied in 154 1183

1990021 Mi45 ELP s Harvested in Paxson, Aleska 382

199051 M134 PPP Unknown

18901 M137 SKILAK 451 With 158 Pack

1590/51 F132 SKILAK 2091 With M140 (PPP) 2/91-5/91, Formed SKI_LP pack.
1990/91 L] PPP So1 Wah F132 (SMILAK) on ST, formed SKI_LP pack.
1891m2 F148 ELP 2z Left ELF, with M143 moved north to Chickaloon Creek
188152 M145 ELP 282 L=ft ELP, win F 148 moved north to Chicialoon Creek
1881z M155 PPP 492 Megally idied 993
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Appendix 7. Confinued.

Year Wolf Pack Date® Desposition
199152 M134 PPP 182 Joined F152 (SRP) on 1/92, formed SRP2 pack.
1801/82 M70 ELP 81 With F141 (SKILAK), formed new 158 pack
198182 F141 SKILAK 1251 With M7D (ELP), formed new 158 pack
189142 M128 PPP 232 Joined ELP 2/82
1991/82 M43 BLP 152 With F151 (of SKI) both moved to MNT pack.
1991/82 F151 SKILAK =2 With M143 (of BLP), both moved to MTN pack.
1991582 F125 PPP =2 With M159 (MRF) 1/92 which formed the MRF

pack then F125 dspersed from MRF with
M158 to GMU 15B.
1992/83  M157 SKI_LP 4/93 Last radiolocation in GMU 7, 4/93.
1992/83  F154 PEP 4533 Harvested south Caribou Lake
1952/93 F152 SRP2 63 Harvested with F152 (ELP) fall, 1983,
185253 F162 ELP 4/93 Harvested with F152 (SRP2) fall, 1983.

* Dispersal year caiculated from 1 September through 31 August the following year.
® Last known date radiocollar was located within pack territory, and before dispersal movements were

made,
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1982/93,

HINTER TELEMETET LOCATIONS LINTER TOLEATEY LOCATIONS
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National
Wildiife Refuge, Alaska, during 1982/83-1992/33.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildiife Refuge, Alaska, during 1982/83-1892/93.
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Appendix 8. Telemetry locafions in winter for each pack monitored on the Kenai National
Wildlife Refuge, Alaska, during 1982/83-1992/33,




Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1882/83-1982/83.
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Appendix 8. Telemetry locafions in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1952/83.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National
Wiidiife Refuge, Alaska, during 1982/83-1952/83.
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Appendix 8. Telemetry locafions in winter for each pack monitored on the Kenai National

Wildiife Refuge, Alaska, during 1982/83-1992/93.
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Appendix 8. Telemetry locations in winter for each pack monftored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-15882/33.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildiife Refuge, Alaska, during 1982/83-1892/93.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1882/83-1932/33.
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Appendix 8. Telemetry locations in winter for each pack monitorad on the Kenai Natonal

Wildiife Refuge, Alaska, during 1982/83-1982/93.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildiife Refuge, Alaska, during 1882/83-15852/83.




Appendix 8. Telemelry locafions in winter for each pack monitored on the Kenai National

Viildiife Refuge, Alaska, during 1982/83-1982/83.




Appendix 8. Teiemetry locations in winter for each pack monitored on the Kenai National
Wildlife Refuge, Alaska, during 1982/83-15892/93.
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Appendix 8. Telemetry locafions in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1982/93.




Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1992/33.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1892/33,
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai National

Wildlife Refuge, Alaska, during 1982/83-1882/93.
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Appendix 8. Telemetry locations in winter for each pack monitored on the Kenai MNational

Wildlife Refuge, Alaska, during 1982/83-1952/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1952/93.
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Appendix S. Yearly telemetry locations for all wolf packs monitored on the Kenai
National Wildlife Refuge, Alaska, during 1982/83-1992/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1992/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai
National Wildiife Refuge, Alaska, during 1882/83-1982/83.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1882/83-1992/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai
National Wildiife Refuge, Alaska, during 1982/83-1852/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1852/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1982/93.
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Appendix 8. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1952/93.
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildiife Refuge, Alaska, during 1982/83-1992/93,
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Appendix 9. Yearly telemetry locations for all wolf packs monitored on the Kenai

National Wildlife Refuge, Alaska, during 1982/83-1952/93.
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Chapter 2

ACCURACY OF AERIAL TELEMETRY

Key words: Alaska, biotelemetry, GPS, global positioning system, habitat,

Kenai Peninsula, location error, map-plotting, radio tracking.

INTRODUCTION

Radiotelemetry has been employed from the ground (Heezen and Tester
1967, Springer 1879) and aircraft (Hoskinson 1976, Gilmer 1981) for locating
wildlife. Error in ground based triangulation has been reported (Hupp and Ratti
1983, Lee et al. 1985, Garrott et al. 19856, White and Garrott 1990, Nams and
Boutin 1991), but the extent of error in aerial based telemetry is not well known.
Sources of aerial telemetry error include the quality of maps or aerial photos,
presence of landmarks, investigator's ability to locate the animal's position on a
map or aerial photo, observer fatigue, search procedures, and aircraft speed and
elevation (White and Garrott 1520).

Recent advances in satellite technology provide access to the Navstar
GPS which is accurate to within a few cm (U.S. Department of Defense 1984,
Wells et al. 1986). The position of the GPS receiver (latitude and longitude) is
calculated when signals are received from =3 of 24 orbiting satellites. A 3-

dimensional (3D) position (latitude, longitude, and altitude) is computed when
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signals from >4 satellites are received simultaneously, and a 2-dimensional (2D)
position (latitude and longitude) is calculated from 3 satellites. Two types of
signals are broadcast from each satellite, the most precise "p-code" signal is
reserved for m.ilitary use, whereas "C/A code” is available to civilian users, and
is accurate to within 25 m (Hum 1988). The accuracy of the civilian code is
further degraded by the U.S. Depariment of Defense by introducing random
satellite clock errors, known as selective availability (S/A), which reduce
accuracy to within 100 m 85% of the time (Hum 1988). Post-processing, or
differential correction can reduce the error to 1-5 m of the true location
(Stenberg and Lange 1989).

The accuracy of GPS-collected and map-plotted location data have not
been-compared. Several studies compared the accuracy of GPS and LORAN-C,
but assumed map locations to be truth (Butler et al. 1995) or did not determine
map error for their locality and assumed a +/- 20 m error (Leptich et al. 1554)
between the observed location and the map location. Map error can be 2340 m
from truth (Brew et al. 19593). My objectives were to compare the accuracy of
aerial GPS locations to hand-plotting aerial locations on a map, and to
determine if accuracy was affected by habitat type and visibility of collars.
STUDY AREA

The study was conducted in the northwestern lowlands of the Kenai
National Wildlife Refuge, Kenai Peninsula, Alaska. This area was chosen

primarily because of road access to 3 habitats where radiocollared wolves
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(Canis lupus) were located. The 1847 bum habitat consisted of dense black and
white lowland spruce (Picea marnana and F. glauca) with a thick 4-5 m high
canopy. The 1969 burn habitat was composed of young 3-4 m tall paper birch
(Betula papyrifera) and aspen (Populus tremuloides) in a relatively open stand
with little canopy cover. The mature hardwood habitat contained large stands of
>40 year old paper birch, aspen, and a few black and white spruce, relatively
little open ground vegetation, and thick 15-20 m tall canopy cover.
METHODS

Six trials were conducted between 13 July 1993 and 16 August 1954 to
test the accuracy of aerial telemetry locations obtained using GPS and the map
plotting technique. A trial consisted of 12 (184-167 MHz) wolf radiocollars
(Telonics, Mesa, Arizona) with 4 collars selected randomly for placement in each
of 3 habitat types. Collars were placed at locations randomly chosen from a
1:63,360 topographic quadrangle of 160 map points in each of 3 habitat types
determined accessible by foot or canoe. The distance and direction to the collar
location from a road or lake shore was determined with the use of an aerial
photo and compass. Collars were placed in an area of appruximaiely 1,000 km?
and all collars were >25 m apart, and <3 km from the road. After collar locations
were chosen, two of 4 collars in each habitat type were chosen randomly as
"visual" collars and 2 as “non-visual® collars. A 1.5 m x 1.5 m orange tarp was
centered on the ground under the “visual® collar, and could be seen from the

aircraft. All collars were elevated 60 cm above ground and fitted around a
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plastic bottle filled with saline solution to simulate signal absorption by an
animal's body (Hupp and Ratti 1983).

The “true” ground position of radiocollars in 2 trials in 1993 was
estimated by averaging location data collected with a Garmin Survey Il GPS
receiver (Garmin, Lenexa, Kansas) with an external antenna mountedto 245 m
pole, but locations were not differentially corrected. The “true” ground position
of each radiocollar for 4 trials in 1994 was estimated by differential correction
using the same Garmin field receiver and antenna, and a Garmin Survey Il GPS
base unit which operated concurrently <50 km from the study area at the Killey
AZ benchmark which was re-surveyed in 1988 with B order accuracy. To
compare the accuracy of differentially post-processed and averaged locations,
collar locations in trial 4 were estimated with both technigues. Additional
locations at the Killey AZ benchmark were also estimated by averaging and
differential correction by placing the GPS field receiver on top of the GPS base
unit to compare the accuracy of both methods on a known point. | also
calculated GPS error by placing the GPS base unit on the Killey AZ benchmark
and the GPS field unit on 2 1st order accuracy benchmarks (Audrey and Kirt)
and estimated their locations using differential correction.

Differentially post-processed and averaged position data were collecied
for 20 min if locations were logged in 3D mode, or >20 min when positions
fluctuated between 2D and 3D mode. Each collection period of 220 min was

considered 1 sampling occasion. If 3D positions could not be collected, |
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returned later the same or next day until 3D locations were available. Data were
downloaded to an IBM computer for differential post processing using GARMIN
PC100S2 software. Locations recorded with a position dilution of precision
(PDOP) =4, and all 2D locations were eliminated by the software program.
Differentially corrected points were averaged for each location.

A Cessna 206 fixed wing airplane with strut mounted antennas and the
same pilot (R. Emst) and observer (T. Bailey) were used in all 6 trials. Collars
were located using standard search protocol (Gilmer 1281). Flight altitude
ranged from 210 to 270 m, aircraft speed ranged from 130 to 157 km/hr, and
wind velocity varied from 7 to 17 km/hr. After a radiocollar was located (either
visually or by signal strength), the observer marked the position on a 1:63,360
topographic quadrangle, and the pilot recorded the position when the aircraft
passed over the collar with a Trimble TNL 2000 in-dash GPS Navigator receiver
(Trimble, Austin, Texas). Accuracy trials were flown when PDOP was relatively
low, and the number of satellites was highest based upon daily ephemeris
information obtained from a local surveyor. Locations of collars were not known
to the observer and pilot prior to telemetry flights.

| estimated map error in the study area by locating 5 road intersections on
topographic maps, determined their x,y coordinates with a digitizer, and then
compared the digitized locations to the same positions estimated in the field with
a GPS unit and differential correction. To determine how the radiotracking

technique contributed to location error, the location of the 5 road intersections
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was estimated using the aircraft GPS receiver during 4 aerial flights.

Aircraft and ground GPS locations were transformed from latitude and
longitude to UTM coordinates using ARC/INFO Software (ESRI, Redlands,
California, version 7.0) and the North American Datum (NAD) 83. The aerial
locations of collars plotted on quadrangle maps, and the map reference points
were digitized in decimal degrees (ARC EDIT; ARC/INFOQ), and converted from
NAD 27 to NAD 83 and into the UTM projection (PROJECT FILE; ARC/INFQ) for
comparison with GPS-collected locations. Error distance was calculated as the
Euclidean distance of the observed aerial GPS or map hand-plotted location
from the estimated true location.

Analysis of variance (PROC GLM; SAS Institute, 1993) using a mixed
effects model was used to compare error of the 2 data collection methods and
test the effects of collar visibility, habitat, and time on location error. A linear
contrast was used to test the effect of time on accuracy of trials. Linear
regression (PROC REG; SAS Institute, 1993) was used to determine the effect
of latitude on map error.
RESULTS

Error of telemetry locations was not found to differ between the GPS

(x =139.1 m, SE = 9.65) and map (x = 168.4 m, SE = 21.9) plotting method

(F=2.39; 1, 36 df; P=0.131), among habitats (F = 1.01; 2, 36 df, P=0.373), or
between visible and hidden collars (F = 2.91; 1, 36 df, P = 0.097) (Table 1.

Appendix 1). Accuracy varied over time (F = 3.71; 5, 36 df; P = 0.008) with the
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GPS technique improving in subsequent trials (contrast F = 20.57; 1, 5 df;

P =0.0001). The accuracy of both methods varied among trials (F = 2.90; 5, 36
df; P = 0.026) with least accuracy in trial 2. All visual collars were observed from
the aircraft.

The distance between 17 road reference points estimated with GPS from
the ground and air averaged 81.4 m (SE = 7.63, range = 17.3-133.0 m). When
both points were plotted relative to the compass heading of the aircraft, all
aerial-estimated locations were positioned before the “true” reference point; a
line drawn through the aerial-estimated point and perpendicular to the line of
flight averaged 67.1 m (n = 17, SE = 7.95, range = 16.5-123.5 m) before the
“true” location. In 11 of 17 instances the zerial-estimated points averaged 16°
(SE = 3.50, range = 0-31°) within the same heading as the aircraft. Based upon
flights over road reference points at an aircraft speed of 130-157 km/hr (36-44
m/sec), the observer/pilot team activated the aircraft GPS receiver an average of
1.5-1.9 sec before passing directly over the road intersection.

The difference between the “true” and estimated location at the Killey AZ
benchmark averaged 5.0 m (n = 9, SE = 1.47) with differential correction, and
7.0 m (n = 10, SE = 1.22) using the averaging method. GPS error averaged 0.6
m (n = 2) when the base and field units were tested by differential carrection on
2 1st order benchmarks. The difference between 11 ground-based collar
locations estimated with and without differential correction averaged 21.9 m

(SE = 3.69, range = 4.2-48.9 m) during trial 4, and 8.1 m (n =9, SE=1.27,
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range = 1.1-12.8 m) at the Killey AZ benchmark. | combined the 2 types of
ground-based collar locations in my analyses because differences between the
2 techniques were small. The difference between 6 locations digitized from the
topographic map and estimated with the GPS unit on the ground averaged 70.5
m (range = 23.1-157.4 m), and increased with increasing latitude (r = 0.81,
F =762 1, 4df, P=0.051).
DISCUSSION

| could not detect a difference in accuracy between aircraft GPS and
hand-plotted map radiocollar locations. Locations obtained with the aircraft GPS
contained error from several sources. Real-time differential GPS software for
aerial surveying has been used (Bobbe 1882, Anthony and Stehn 1994) but was
not-available in this study, therefore aerial GPS positions included S/A error
when active. The accuracy of the TNL Navigator GPS receiver is reported at
<15 m (Trimble 1892) excluding error introduced by S/A. The observer/pilot
team contributed error by activating the aircraft GPS receiver before they were
positioned directly over the road reference points, and thus likely activated the
GPS unit before flying over telemetry collars, and thus added error. My study
area contained prominent landmarks such as roads and lakes which were easy
to identify from the air and aided in plotting locations on a map, therefore my
map-plotting error may be less than in other areas with fewer landmarks.

The observer/pilot team located hidden collars from the air as accurately

as visible collars. | expected visible collars fo be located more accurately from
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the air because the true location was observed, and not estimated with
telemetry. | speculate that differences in accuracy due to collar visibility could
not be determined because error in locating road reference points averaged 81.4
m, and this error probably swamped any differences.

Habitat type did not influence the accuracy of locating collars using the
map-plotting or GPS method. Accuracy of aerial GPS locations was not
influenced by canopy because the aircraft was above the habitat, and in direct
line of sight of satellites. The estimated “true” GPS locations determined from
the ground, however, may have been affected by canopy type. Rempel and
Rodgers (1997), Moen et al. (1996, 1997), and Rempel et al. (1995) reported the
accuracy of GPS collars decreased in denser habitat and in hardwood canopies.
Deckert and Bolstad (1996) reported decreased accuracy of GPS receivers at
conifer sites.

| used 1 pilot and 1 observer in 1 geographical area to compare accuracy
of aerial telemetry. To determine external validity of my findings, additional
pilot/observer teams should be tested at my study area and in other geographic
areas. Gantz and Stoddart (1997) and | found that accuracy of pilot/observer
teams increased with experience, thus experienced teams should be used for
aerial telemetry. The aerial telemetry accuracy reported in this study should
also be exirapolated to free-ranging animals with caution because Mills and

Knowiton (1989) reported higher accuracy when observers knew that they were

being tested.
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MANAGEMENT IMPLICATIONS

| recommend the use of aerial GPS over the map plotting technique for
locating radiocollared wildlife even though error was similar for the 2 methods.
The GPS method does not require converting map locations to a usable format
which is labor intensive, and data can be easily downloaded into a Geographic
Information System (GIS) for analysis. Aerial GPS accuracy likely would
increase if test trials are conducted to determine the optimal time to activate the
aircraft GPS receiver prior to data collection and if slower, more maneuverable
aircraft are used. The accuracy of GPS aircraft receivers potentially could be
improved if real-time differential correction is implemented, or if S/A error is
removed by the U.S. Department of Defense for civilian users.

Map error should be determined for each study area if GPS accuracy
flights are conducted on reference points estimated from map locations. Map
error should also be evaluated particularly if animal locations are map-plotted,
and subseguently entered into a GIS system with other locations collected with
GPS. | found map error to be significant for 1:63,360 topographic quadrangles

which were last revised and field annotated in 1975 and 1980, respectively.
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Appendix 1. Effect of trial, habitat (47 burn, 69 burn, mature hardwood), and

collar visibility (visual, hidden) on location error of map hand-plotted and

GPS-collected locations for 6 trials in the northwestern lowlands on the

Kenai National Wildlife Refuge, Alaska during 1953-1994.

Source MSE df F P
trial 751756 5 3.71 0.008
habitat 205625 2 1.01 0.373
visibility 58990.7 1 2.91 0.097
habitat * visibility 26436.1 2 1.30 0.284
trial * habitat 23341.8 10 1.15 0.354
trial * visibility 332701 5 1.64 0.174
trial * habitat * visibility 207952 10 1.02 0442
error MS (coliar (trial * habitat * 202744

visibility))

collar (trial * habitat * visibility) 20274 4 36 1.56 0.083
method 31036.4 1 2.39 0.131
habitat * method 30963.1 2 238 0.107
visibility * method 3880.1 1 0.30 0.588
trial * method 37719.7 5 290 0.026
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Appendix 1. Continued.

Source MSE df F F
habitat * visibility * method 17083.3 2 1.31 0.281
trial * habitat * method 15149.0 10 1.17 0.344
trizl * visibility * method 3867.9 5 0.30 0.911
trial * habitat * visibility * method 12646.0 10 0.88 0.483
error MS (error) 12990.1 36
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